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Abstract 
Objective: To evaluate the influence of cavosurface vestibular bevel (CSVB) application on the clinical 
success (CS) of class IV restorations of traumatized permanent teeth, the influence of the number of fracture 
angles and dental trauma recurrence (DTR) on the restorations retention rate (RRR) and incidence of pulp 
necrosis (PN). Material and Methods: Fifty-seven children and adolescents with enamel and dentin 
fractures requiring C-IV restorations were randomly allocated in groups with CSVB and without CSVB. 
The primary outcomes were the CS of restorations, evaluated using modified USPHS criteria, and the 
incidence of PN after a 6-months follow-up. As secondary outcomes, the influence of the number of 
fractured angles and the DTR on the RRR and on the incidence of PN were evaluated (p>0.05). Results: Of 
57 children and adolescents, 74 teeth were restored, and 71 completed the six-month follow-up analysis. 
Teeth restored with and without CSVB displayed similar CS as well as the same incidence of PN (p>0.05). 
The number of fractured angles did not influence the RRR and DTR was not associated with PN (p>0.05). 
DTR was associated with a lower RRR (p<0.001). Conclusion: Cavosurface vestibular bevel did not 
influence the clinical success of Class IV restorations or incidence of PN after 6-months follow-up. DTR did 
not influence the incidence of pulp necrosis, but did negatively influence the restorations retention rate. The 
number of fracture angles did not influenced in the restorations retention rate. 
 
Keywords: Dental Restoration; Permanent; Dental Restoration Failure; Composite Resin; Tooth Fracture.
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Introduction 
Dental trauma (DT) is a common health problem in the child and adolescent population. The upper 
incisors being the most frequently involved teeth and enamel and dentin fractures are the most prevalent DT 
events to occur in these age groups [1]. In cases where fragment bonding cannot be performed, restoration 
using composite resin is considered the more conservative treatment for teeth with enamel and dentin 
fractures, requiring minimal dental preparation [2]. 
The preparation of a vestibular cavosuperficial angle (bevel) has been recommended by in vitro studies 
to increase the retention of the restoration [3] and to allow a more gradual transition between the restoration 
and the tooth. However, the influence of this technique on the clinical performance of previous restorations 
remains debatable [4-6]. Previous authors evaluated the clinical performance of anterior restorations through 
a systematic review: upon isolating the eight studies that evaluated class IV restorations, it was noticed that 
the majority of studies were carried out between 1977 and 1997, using many materials that are no longer 
available on the market and techniques that are not widely in use currently [7]. Besides, none of the included 
studies evaluated the direct influence of the bevel on restoration clinical performance since they did not adopt 
the enamel preparation as a single variable to be studied [7]. 
A previous in vitro study showed that bevel margins on buccal surface of composite restorations 
reduces marginal leakage when compared to a nonbeveled margins preparation, in primary and permanent 
teeth [8,9]. Additionally, significant leakage following the path of the dentinal tubules into the pulp could 
possibly be one of the causes of pulpal inflammation and even pulpal death under restorations [10]. 
Knowing that the preparation of the vestibular bevel is a routine occurrence in many public and 
private dental clinics and taking into account the absence of clinical studies that evaluate this variable (enamel 
bevel), the importance of investigations regarding the impact of cavosurface bevel execution on the clinical 
performance of class IV restorations is justified.  
In this regard, the present randomized clinical trial (RCT) sought to evaluate: (1) the influence of 
vestibular bevel on clinical success of anterior class IV restorations in teeth that had suffered enamel and 
dentin fractures; (2) the incidence of pulp necrosis after these restorations comparing teeth that received 
bevelled margins and nonbevelled margins; (3) the influence of the number of fracture angles on restorations 
retention rate and the incidence of pulp necrosis; and (4) the influence of DT recurrence on restoration 
retention rate and the incidence of pulp necrosis. The null hypothesis of this study was that the clinical success 
and incidence of necrosis of class IV restorations with vestibular bevel application would not be different from 
those of restorations without vestibular bevel application. 
 
Material and Methods 
Study Design 
The present RCT was registered in the Brazilian Clinical Trials Registry (ReBec) database with the 
identifier RBR-2pqvv4 and number U1111-1194-7188. 
This study was conducted as a prospective, single-blinded clinical RCT [11]. Restorations were 
performed in 57 children and adolescents (total of 74 teeth) as part of the treatment and monitoring of DT. 
The parallel model was used and the teeth were randomized and allocated to one of two groups (with and 
without vestibular bevel application, respectively) (Figure 1). 
 
Sample Size and Patient Selection 
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A convenience sample was adopted, including all patients with enamel and dentin fractures without 
pulp exposure [12] who sought treatment at the Dental Trauma Vigilance and Monitoring Center at the 
Dental School of the Universidade Federal do Rio de Janeiro between November 2016 and December 2018. 
Patients who met the following inclusion criteria were included: age between seven and 15 years old, having at 
least one permanent upper anterior tooth (e.g., central incisor, lateral incisor, canine) requiring class IV 
restoration due to uncomplicated coronary fracture [12] (that could be the first, second, or subsequent, post-
trauma restoration), displaying the physical and emotional qualifications to tolerate restorative the procedure, 
having pulp vitality and accept returning to perform periodic evaluations after restoration procedure. 
Patients who suffered other types of trauma to the fractured tooth and/or those with pulpal 
inflammation or necrosis, previous endodontic treatment, uncontrolled periodontal disease, or parafunctional 
habits, as well as individuals with special needs and/or motor deficits, were excluded from this study. 
 
 
Figure 1. Flow diagram of the trial. 
 
Randomization 
The included teeth were randomized through the order of procedure/technique to avoid any delay in 
patient care. The type of procedure (i.e., with and without vestibular bevel application) was randomized and 
predistributed between the two groups, with the aid of the BioEstat 5.0 computer program. This process was 
performed by an individual blinded to the restoration process and allocation concealment was assured. 
A random numbers table was constructed twice: for the first incarnation, a randomization was 
performed for the first 50 teeth and, when complete, a new randomization was performed for another 50 teeth. 
In general, confidentiality was ensured by distributing 100 sequentially numbered white envelopes 
containing mentions of one of the two groups, following the order of the randomly drawn numbers, totalling 
50 envelopes for the control group (without vestibular bevel) and 50 envelopes for the test group (with 
vestibular bevel). The envelopes were sealed and opaque and the papers with the designated group inside the 
envelopes were folded to prevent them from being successfully held to a bright light to reveal the contents. 
The envelopes were opened sequentially and only after the envelope had been irreversibly assigned to a 
participant. 
 
Restorative Procedure 
A single operator (M. B. M.) performed all restorative procedures. First, the composite resin 
(Nanofiller Filtek® Z-350; 3M ESPE AG, Seefeld, Germany) shade was selected. Following the administration 
of local anaesthesia, a rubber dam was placed. If the tooth was allocated to the test group, prior to restoration, 
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a bevel in the vestibular tooth surface with a diamond burr (number 1111) at high speed under water-cooling 
was applied. If the tooth was allocated to the control group, no such preparation was performed. After this step 
(bevel application or not), the subsequent restorative procedure performed was the same for both groups as 
follows. 
The fractured tooth was cleaned with flour of pumice and water in a rubber cup attached to a low-
speed headpiece. The tooth was then acid-etched with 35% Scotchbond® Etchant (3M ESPE AG, Seefeld, 
Germany) for 15 seconds, then thoroughly rinsed for an additional 15 seconds and air-dried prior to the 
application of the Scotchbond® multipurpose adhesive system (3M ESPE AG, Seefeld, Germany) in accordance 
with the manufacturer's recommendations. Contour strips (Contour-Strip; Ivoclar Vivadent, Schaan, 
Liechtenstein) were placed with the help of wedges located interproximally to achieve a smooth restoration 
outline in the cervical area. The nanofiller Filtek® Z-350 resin composite (3M ESPE AG, Seefeld, Germany) 
was placed incrementally in 2-mm layers, and each layer was cured for 40 seconds using a light-curing unit. 
Following removal of the contour strip, the proximal regions of the restorations were additionally polymerized 
for 20 seconds. Final contouring, finishing, and occlusal adjustments were performed with fine diamond-coated 
burrs under water-cooling. Occlusion during habitual intercuspidation and excursive movements were checked. 
One week after restoration, polishing was completed with a four-step polishing disk system (Sof-lex® Pop-on; 
3M ESPE AG, Seefeld, Germany) to obtain smooth surfaces. Finally, all patients received orientations to 
prevent new TD as well as failure of the restorative material and to assure the longevity of the restoration and 
entered the restoration follow-up period. 
 
Evaluation Procedures 
The restorations were clinically evaluated by two trained and calibrated examiners using a dental 
explorer and mirror in accordance with modified United States Public Health Service (USPHS) criteria (Table 
1) [13]. In this classification criteria, all scores Charlie were considered failures (requiring repair or 
replacement) and were considered unacceptable. The Kappa interexaminer value was 0.95. 
 
Table 1. United States Public Health Service (USPHS) Ryge Criteria for Direct Clinical Evaluation of 
Restoration [10]. 
Scores USPHS Criteria 
 Retention 
Alpha (A) Restoration is intact and fully retained. 
Bravo (B) Restoration is partially retained with some portion of the restoration still intact. 
Charlie (C) Restoration is completely missing. 
 Color Match 
Alpha (A) The restoration appears to match the shade and translucency of adjacent tooth tissues. 
Bravo (B) The restoration does not match the shade and translucency of adjacent tooth tissues, but the 
mismatch is within the normal range of tooth shades. 
Charlie (C) The restoration does not match the shade and translucency of the adjacent tooth structure, and the 
mismatch is outside the normal range of tooth shades and translucency. 
 Cavo Surface Marginal Discoloration 
Alpha (A) There is no visual evidence of marginal discoloration different from the color of the restorative 
material and from the color of the adjacent tooth structure. 
Bravo (B) There is visual evidence of marginal discoloration at the junction of the tooth structure and the 
restoration, but the discoloration has not penetrated along the restoration in a pulpal direction. 
Charlie (C) There is visual evidence of marginal discoloration at the junction of the tooth structure and the 
restoration that has penetrated along the restoration in a pulpal direction. 
 Anatomic Form 
Alpha (A) The restoration is a continuation of existing anatomic form or is slightly flattened. It may be 
overcontoured. When the side of the explorer is placed tangentially across the restoration, it does 
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not touch two opposing cavosurface line angles at the same time. 
Bravo (B) A surface concavity is evident. When the side of the explorer is placed tangentially across the 
restoration, it does not touch two opposing cavosurface line angles at the same time, but the dentin 
or base is not exposed. 
Charlie (C) There is a loss of restorative substance such that a surface concavity is evident and the base and/or 
dentin is exposed. 
 Marginal Adaptation 
Alpha (A) The explorer does not catch when drawn across the surface of the restoration toward the tooth, or, if 
the explorer does not catch, there is no visible crevice along the periphery of the restoration. 
Bravo (B) The explorer catches and there is visible evidence of a crevice, which the explorer penetrates, 
indicating that the edge of the restoration does not adapt closely to the tooth structure. The dentin 
and/or the base is not exposed, and the restoration is not mobile. 
Charlie (C) The explorer penetrates crevice defect extended to the dento-enamel junction. 
 Surface Texture 
Alpha (A) Surface texture similar to polished enamel as determined by means of a sharp explorer. 
Bravo (B) Surface texture gritty or similar to a surface subjects to a white stone or similar to a composite 
containing supramicron-sized particles. 
Charlie (C) Surface pitting is sufficiently coarse to inhibit the continuous movement of an explorer across the 
surface. 
 Secondary Caries 
Alpha (A) The restoration is a continuation of existing anatomic form adjacent to the restoration. 
Charlie (C) There is visual evidence of dark keep discoloration adjacent to the restoration (but not directly 
associated with cavosurface margins). 
 
Visual inspection, radiographic examination, and cold vitality test were performed to evaluate the 
presence of clinical and radiographic signs of pulp necrosis [14] as well as the necessity of endodontic 
treatment. Where warranted, an evaluation was done to identify the need for endodontic treatment, and those 
patients who needed this specific treatment were referred to an endodontist. When restorations failed before 
the baseline clinical evaluation, the date and reasons for failure were recorded in the affected patient’s file. 
 
Blinding 
Only the principal investigator performed the clinical research steps. Another calibrated professional 
evaluator completed the assessment of USPHS parameters, without knowing which treatment was applied, 
thus ensuring a single-blind study. 
 
Statistical Analysis 
All data were analysed using the SPSS version 20.0 software program (IBM Corp., Armonk, NY, 
USA). The data for each USPHS criterion were dichotomized according to success or failure as well as the 
presence or not of vestibular bevel (‘yes’ or ‘no’), DT recurrence (‘yes’ or ‘no’), pulp necrosis (‘yes’ or ‘no’), and 
number of angles fractured (‘one’ or ‘two’ angles). The chi-squared test and t-test for independent variables 
were used to verify the distribution of characteristics variables of the sample among the groups and differences 
between the groups. In order to correct the internal correlation of more than one tooth per child, the bootstrap 
method was applied to construct the bias-corrected accelerated confidence interval with 10.000 resampling. 
The risk ratio was calculated to evaluate the influence of the vestibular bevel in the retention rate. The level of 
significance considered for all tests was 5%. 
 
Ethical Aspects 
The present study followed the Consolidated Standards of Reporting Trials (CONSORT) [11] 
guidelines and was revised and approved by the Research Ethics Committee of Clementino Fraga Filho 
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(Universidade Federal do Rio de Janeiro) under the number 1,836,586. At the beginning of the study, all 
parents and patients were asked to sign a consent form and a patient information sheet, respectively, in full 
compliance with the Declaration of Helsinki. 
 
Results 
Of the 74 teeth restored, 71 completed the six-month follow-up analysis. The mean age of the children 
and adolescents included in this study was 9.9 ± 2.4 years, and 53 were male (71.6%) and 21 were female 
(28.4%). Ultimately, the trial had three drop-outs: two patients (two teeth) did not answer telephone calls and 
another (one tooth) was excluded due to consecutive absences. Concerning all teeth, the demographic 
characteristics in each group are described in Table 2. The number of teeth allocated to the test and control 
groups, drop-outs, adhesive failures, and necrosis, considering the number of teeth evaluated in the follow-up 
period, are described in Figure 1.  
 
Table 2. Population distribution between groups in baseline. 
 Vestibular Bevel  
Variables Yes No p-value 
 N (%) N (%)  
Gender    
Female 13 (61.9) 8 (38.1) 0.082# 
Male 21 (39.6) 32 (60.4)  
Age 10.12 ± 2.6 9.7 ± 2.1 0.512* 
Tooth Type    
Central Incisor 29 (44.6) 36 (55.4) 0.528# 
Lateral Incisor 4 (50.0) 4 (50.0)  
Canine 1 (100.0) 0 (0.0)  
Arch    
Maxillary 30 (45.4) 36 (54.6) 0.808# 
Mandibular 4 (50.0) 4 (50.0)  
Number of Angles Restored    
One Angle 28 (45.9) 33 (54.1) 0.987# 
Two Angles 6 (46.1) 7 (53.9)  
Increased Overjet    
Yes 9 (47.4) 10 (52.6) 0.723# 
No 25 (45.5) 30 (54.5)  
Inadequate Lip Covered    
No 24 (41.4) 34 (58.6) 0.133# 
Yes 10 (62.5) 6 (37.5)  
Total 34 (45.9) 40 (54.1)  
#Chi-squared test; *t-test for independent variables. 
 
Considering the time between DT and patients sought the odontology service, 25 participants (33.7%) 
sought care in "up to one month" after DT, 24 (32.4%) sought care "between 1 and 6 months" after DT and 25 
(33.8%) sought care 6 months after DT. 
Clinically, all restored teeth were classified as ‘success’ for the ‘retention’ parameter (and could had 
other parameters evaluated) received scores of A or B at baseline and at six months follow-up for ‘colour 
match’, ‘cavosurface marginal discoloration’, ‘anatomic form’, ‘marginal adaptation’, ‘surface texture’, and 
‘secondary caries’. Three restorations (4.22%) presented with adhesive failure (one from the group with 
vestibular bevel and two from the group without bevel; p=0.811) and one tooth (1.4%) was diagnosed with 
necrosis (from the group without bevel; p=0.582). The number of angles fractured/restored did not influence 
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the incidence of adhesive failure (p>0.05). Adhesive failures and any pulp necrosis diagnoses are described and 
statistically analysed in Table 3. 
 
Table 3. Clinical parameters of restored teeth with vestibular bevel (test group) and without vestibular 
bevel (control group) at baseline and after 6 months of analysis. 
Parameters Outcome 
assessment 
Score Baseline 6 months  
Test 
(n=34) 
Control 
(n=40) 
Test  
(n=33) 
Control 
(n=38) 
RR (CI) 
Retention Success Alpha 34 40 30 36 0.57 (0.05-6.06) 
 Bravo 0 0 2 0  
Unsuccess Charlie 0 0 1a 2a  
Color Match Success Alpha 32 36 30 31 NA# 
 Bravo 2 4 2 5  
Unsuccess Charlie 0 0 0 0  
Cavo Surface Marginal 
Discoloration 
Success Alpha 34 40 31 34 NA# 
 Bravo 0 0 1 2  
Unsuccess Charlie 0 0 0 0  
Anatomic Form Success Alpha 34 40 31 33 NA# 
 Bravo 0 0 1 3  
Unsuccess Charlie 0 0 0 0  
Marginal Adaptation Success Alpha 34 40 23 33 NA# 
 Bravo 0 0 9 3  
Unsuccess Charlie 0 0 0 0  
Surface Texture Success Alpha 34 40 32 36 NA# 
 Bravo 0 0 0 0  
Unsuccess Charlie 0 0 0 0  
Secondary Caries Success Alpha 34 40 33 38 NA# 
Unsuccess Charlie 0 0 0 0  
Pulpar Condition Success Vitality 34 40 33 37 NA# 
Unsuccess Necrosis 0 0 0a 1a  
aSimilar letters demonstrate statistical similarity (p>0.05); RR: Risk Ratio; CI: Confidence Interval; #NA: Not Applied. Risk ratio could not 
be calculated since the number of events (restorations unsuccess) were 0 (zero) in test and/or control group. 
 
Of the total number of adhesive failure restorations (n = 3), 100% occurred due to DT recurrence 
(p<0.001). There was no association between pulp necrosis and the recurrence of DT (p=0.915). 
 
Discussion 
The concepts and techniques of dental preparation must evolve with the advance of composite and 
adhesive restorative systems, with attention paid to the current popular concept of minimally invasive 
operation [15]. This approach is especially relevant in young patients since it is perhaps more likely that 
restoration replacement will occur during their lives due to the anticipated greater length of such [4]. The 
initial composite restoration should be as conservative as possible to minimize the costs and complexity of any 
replacement restoration. However, besides preserving the dental remnant, it is necessary that these 
restorations present a good clinical performance without the occurrence of pulp lesions. 
To our knowledge, the present study is the first RCT to directly evaluate the influence of vestibular 
bevel in class IV restorations. Ultimately, our null hypothesis was confirmed and preliminary results showed 
that applying a vestibular bevel in class IV teeth did not influence the clinical performance of the restorations 
or impact the pulp vitality of the teeth. 
Although the total number of adhesive failures in the present RCT was low (4.2%), it is in accordance 
with the finding of Demarco et al. [16], who reported that fracture of tooth/restoration was the most common 
reason for failure. Elsewhere, it was suggested that all composite restorations in traumatically damaged teeth 
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need to be replaced after three to five years of restorative procedure, representing a reason for why these 
restorations should be followed up with during at least this period [2]. However, different from the present 
RCT, previous author included teeth both with and without pulp exposure, and the differences in inclusion 
criteria and follow-up period could explain this divergence [2]. 
Although in vitro studies have reported that enamel bevel application increased the fracture resistance 
of direct composite resins [3,17], in the present RCT, the vestibular bevel did not influence the retention rate 
of restorations of uncomplicated enamel/dentine class IV fractures. It must be taken into account that, in the 
oral environment, tooth restorations are constantly subject to physical (e.g., abrasion, chewing, functional 
habits) and chemical (e.g., biofilm, humid environment, erosive and dietary products) challenges in a combined 
and routine manner, so the results of in vitro studies were not confirmed in the present RCT. Furthermore, all 
restoration failures were due to DT recurrence, meaning that the forces exerted on a tooth during DT should 
be considered a sufficient factor to break the tooth during an original episode of DT and the class IV adhesive 
restoration in cases of DT recurrence. 
In the present study, the rate of bond degradation, characterized by a further increase in the presence 
of small but clinically acceptable marginal defects and superficial marginal discoloration [13], was similar in 
both groups. Previous studies have reported that these failure parameters take longer to appear in adhesive 
restorations completed with etch-and-rinse adhesives [18,19]. In the present RCT, a three-step etch-and-rinse 
adhesive system was used in all restorations. Perhaps use of a different adhesive system could influence 
marginal adaptation and marginal discolorations to a different degree than a vestibular bevel, and the choice 
and the use of Scotchbond™ multipurpose could influenced in none failure due marginal adaptation and 
discoloration failures. At this time, the literature lacks studies that elucidate these questions. 
Colour match and surface texture are parameters that potentially depend more on the brand of the 
composite resin and polishing system used [20] than on the presence or not of a vestibular bevel, while the 
anatomical form is may be dependent more on the manual skills of the operator. The similarities observed 
between groups could be explained because the composite resin, polishing system, and operator were the same 
for all restorations performed. 
The incidence of caries adjacent to the restorations was null for both groups. This result agrees with a 
previous systematic review that reported a low frequency (2.5%) of caries after 10 years in class III and IV 
restorations [7]. This study also reported that this outcome was not related with the type of composite resin, 
enamel and dentin conditioning, or bevelling of the cavity, but was associated with the absence of a rubber dam 
during the restoration procedure [7]. Since all of the restorations in the present study involved a rubber dam, 
this potential complicating factor was eliminated. 
Only one tooth was diagnosed with pulp necrosis (1.4%) in the present research. Previous studies have 
reported the incidence of pulp necrosis in anterior restoration teeth ranges from 4.88% [21] to 22.7% [22]. 
The pulp necrosis of restored teeth could be related to the pulp response due to marginal infiltration [10]. 
Maybe, the presence of vestibular bevel could reduce the incidence of marginal infiltration [8, 9]. However, it 
must be taken into account that, different from these other studies [21,22], in the present RCT, the 
participants were followed only for six months, and the incidence of pulp necrosis could easily increase over 
time. 
The number of angles involved in restorations did not influence the retention rate of the restorations 
in the present RCT. Previous studies have found that any decrease in adhesive toughness appears to be 
independent of dentin tubule orientation [23,24]. Changes in the fracture toughness may be related to 
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dehydration [25], an increase in the degree of crosslinking of the collagen fibrils [26], or a rise in the degree 
of tubule mineralization with age [27]. More studies evaluating this subject are necessary to provide better 
clarification since other factors related to the area exposed for treatment and the force dissipation could also 
have an influence. 
Although all patients received orientations to avoid DT recurrence, the incidence of restoration 
fracture due to new DT episodes was high (100% of those that experienced retention failure) in the present 
RCT. This could be explained by the fact that individuals with a previous DT history present a greater risk for 
DT recurrence [28], increasing the rate of restoration failure in the present study. Considering this, patients 
should be evaluated individually and not only considering DT itself, and the risk factors associated with this 
occurrence (i.e., anatomical, physical, behavioural, environmental, and health-related factors that can 
predispose children to DT) should be identified and treated and/or discussed about so as to avoid future DT. 
The authors want to highlight that, during the present RCT, the patients did not receive any orthodontic 
treatment; however, at the end of the six-month follow-up period, all patients were referred for orthodontic 
treatment, if necessary. 
The present RCT adopted a convenience sample and presented only six months of follow-up. These 
aspects could be considered as study limitations. However, it similarly needs to be considered that all patients 
with enamel and dentin crown fractures without pulp exposition that sought treatment at a DT reference 
centre during two years were included in the present study. Additional recall visits are planned to verify the 
clinical performance of these restoration procedures over time. 
 
Conclusion 
The present RCT showed that application of a cavosurface vestibular bevel did not significantly 
influence the clinical performance of class IV restorations and incidence of pulp necrosis at six months after 
restorations. DT recurrence did not influence the incidence of pulp necrosis but negatively influenced the 
retention rate. 
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